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The proposal that noninvasive studies may even-
tually replace aortoiliac and lower extremity arteriog-
raphy has been widely discussed and extensively stud-
ied.1-9 However, complete replacement of preopera-
tive contrast arteriography is not currently practical
in the care of most patients with lower extremity
ischemia. An alternative approach may be to use non-
invasive studies as a means of allowing arteriography
to be performed on a more selective basis.
Aortoiliac arteriography adds contrast load,
catheter time, and cost to the preoperative evalua-
tion of lower extremity ischemia but often reveals no
evidence of inflow occlusive disease. This prospec-
tive study assessed whether a combination of direct
and indirect noninvasive tests could help determine
which patients do not have inflow occlusive disease
and potentially avoid aortoiliac arteriography for
those patients. Aortoiliac duplex studies allow direct,
noninvasive evaluation of inflow occlusive disease,
and the findings correlate well with those of arteri-
ography.2-5,8,9 Among the many indirect noninva-
sive tests of inflow evaluated, common femoral
artery acceleration time demonstrated a reasonable
degree of accuracy and was not significantly affected
by the status of the runoff arteries.10-16 An algo-
rithm is proposed that combines these noninvasive
modalities in an effort to guide the selective use of
aortoiliac arteriography.
METHODS
Patients. Preoperative evaluation was per-
formed on 184 ischemic limbs among 119 patients
Is routine preoperative aortoiliac
arteriography necessary in the treatment
of lower extremity ischemia?
Peter A. Schneider, MD, and Darren Y. Ogawa, RVT, Honolulu, Hawaii
Purpose: To determine whether preoperative aortoiliac arteriography can be replaced
with noninvasive evaluation in the management of some patients with chronic lower
extremity ischemia.
Methods: Preoperative evaluation was performed on 184 ischemic limbs (119 patients)
over 19 months by means of aortoiliac arteriography with runoff and noninvasive stud-
ies, which included common femoral artery duplex scanning, waveform and acceleration
time (normal <140 msec), and aortoiliac duplex scanning. An algorithm was proposed for
combining indirect (common femoral artery evaluation) and direct (aortoiliac evaluation)
noninvasive studies to decrease the need for aortoiliac arteriography when possible. 
Results: Aortoiliac occlusive disease (‡ 50% stenosis to occlusion) was present at arteriog-
raphy in 48 limbs (30%), and there was no inflow disease in 114 (70%). Aortoiliac
lesions were identified by means of noninvasive studies. The accuracies of femoral wave-
form, acceleration time, and aortoiliac duplex studies were 85%, 89% and 87%. The neg-
ative predictive values were 92%, 94% and 100%. The acceleration time results were not
affected by runoff status but were significantly different for various categories of steno-
sis (p < 0.05). The algorithm was applied to the data obtained. When acceleration time
and waveform were normal, 84 of 86 patients (98%) had no stenosis at arteriography.
When aortoiliac duplex findings were normal, the arteriographic findings were normal
in all examinations. 
Conclusion: A combination of indirect and direct noninvasive studies can be used reliably
to rule out clinically significant inflow occlusive disease and allows selective use of aortoil-
iac arteriography in patients with lower extremity ischemia. (J Vasc Surg 1998;28:28-36.)
From the Division of Vascular Surgery and Vascular Noninvasive
Laboratory, Kaiser Medical Center. 
Presented at the Twelfth Annual Meeting of the Western Vascular
Society, Lana¢ i, Hawaii, Sep. 27–Oct. 1, 1997.
Reprint requests: Peter A. Schneider, MD, Division of Vascular
Surgery, Hawaii Permanente Medical Group, 3288 Moanalua
Rd., Honolulu, HI 96819.
Copyright © 1998 by The Society for Vascular Surgery and
International Society for Cardiovascular Surgery, North
American Chapter.
0741-5214/98/$5.00 + 0 24/6/88279
over a 19-month period. Limbs without symptoms
were not studied. All patients underwent a history
interview and physical examination, and the need for
vascular intervention was determined by the vascular
surgeon. Studies included aortoiliac arteriography
with lower extremity arteriographic runoff and non-
invasive evaluation. Ten patients were excluded
because aortoiliac inflow was achieved with previ-
ously placed prosthetic grafts, and five were exclud-
ed because of the discovery of aortoiliac aneurysm
disease responsible for monophasic distal waveforms
(22 limbs). Among the remaining 104 patients (162
limbs), the mean age was 70 ± 10 years, and 66%
were men. Indications for treatment were gangrene
for 49 patients (47%), rest pain for 12 (12%), and
claudication for 43 (41%). The mean ankle-brachial
index was 0.52 ± 0.15. Comorbid medical condi-
tions included diabetes (56%), coronary artery dis-
ease (47%), previous myocardial infarction (28%),
renal insufficiency (15%), and renal failure (7%).
Arteriography. Aortoiliac and infrainguinal
arteriography was performed with 4 or 5 Fr catheters
through a transfemoral approach. Combinations of
cut film and digital subtraction arteriography were
performed as deemed optimal. The angiographic
catheter was placed in the pararenal aorta, and a
timed contrast bolus was administered with an auto-
mated power injector. Oblique projections of the
aortoiliac segments were obtained. Pressure across
the aortoiliac segment was measured selectively to
investigate the hemodynamic significance of iliac
stenosis that was moderate in appearance. This pro-
cedure was performed by measuring systolic blood
pressure proximal to a stenosis and withdrawing the
catheter tip to the arterial segment distal to the lesion
and repeating the measurements. Aortoiliac pressure
was measured in 32 limbs. When there was no evi-
dence of a gradient, papaverine was injected, and
pressure measurements were repeated.17,18
Arteriograms were read by one of three radiolo-
gists or the vascular surgeon without knowledge of
the results of noninvasive studies. Caliper measure-
ments were performed at the location of maximal
vessel diameter reduction and compared with the
proximal or distal “normal” vessel diameter to cal-
culate percentage stenosis. To compare arterio-
graphic findings with those of aortoiliac duplex
studies, the vessel segments were further classified as
to category of stenosis, as follows: <50%, 50% to
79%, 80% to 99%, or occluded. When a patient was
found to have a significant aortic lesion, only one
limb was included in the analysis.
Noninvasive evaluation. Studies were per-
JOURNAL OF VASCULAR SURGERY
Volume 28, Number 1 Schneider and Ogawa 29
formed by one vascular technologist with extensive
experience in duplex mapping. The vascular laborato-
ry is accredited by the Intersocietal Commission for
the Accreditation of Vascular Laboratories. Studies
were performed with the ATL Ultramark 9 device
(Advanced Technology Laboratories, Bothell, Wash.).
The protocol for aortoiliac duplex scanning
included direct evaluation of the infrarenal aorta and
the common and external iliac arteries with pulsed-
wave Doppler ultrasound at an angle of 60 degrees
or less and parallel to the vessel. A curved array 4-2
MHz probe with 2.5 MHz Doppler frequency was
used for all abdominal studies. Sequential B-mode
imaging was performed in the sagittal and transverse
planes. Infrainguinal studies were performed with a
linear array 7-4 MHz probe with 4 MHz Doppler
frequency. Common femoral artery evaluation
included peak systolic velocity, B-mode imaging,
waveform analysis, and femoral artery acceleration
time (time required in the femoral waveform from
end diastole to peak systole).10,11
Criteria for the noninvasive diagnosis of aortoili-
ac occlusive disease included monophasic femoral
waveforms, elevated acceleration time (‡ 140 msec),
and abnormal aortoiliac duplex findings. Focal ele-
vation of peak systolic velocity (PSV) to ‡ 150
cm/sec or a ratio of PSV at stenosis to PSV of prox-
imal artery segment ‡ 2.0 was considered indicative
of stenosis ‡ 50%. Focal elevation of PSV to ‡ 300
cm/sec was indicative of 80% to 99% stenosis. Other
abnormal duplex findings included loss of the
reversed flow component, poststenotic turbulence
immediately beyond the stenosis, spectral broaden-
ing, and conversion of the distal waveform to a
monophasic pattern with reduced distal PSV.
Occluded vessels were identified on the basis of lack
of flow in the imaged artery, a monophasic thump
proximal to the occlusion, and a monophasic distal
waveform with reduced velocities.
Aortoiliac duplex studies were attempted on 110
limbs and were completed in 85 (77%). Technical
factors, such as the presence of excessive intestinal
gas or obese body habitus, prevented a complete
examination of inflow to 25 limbs. The aortoiliac
duplex evaluation was not accepted for inclusion in
this study unless the aortoiliac segment could be
visualized in its entirety and the duplex map was sat-
isfactory for use as an operative roadmap.
Algorithm for noninvasive aortoiliac evalua-
tion. The proposed algorithm for use of a combina-
tion of noninvasive studies to assess inflow included
the following steps. (1) Duplex evaluation of the
common femoral artery with assessment of waveform
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and measurement of acceleration time. Significant
common femoral artery stenosis or occlusion or
superficial femoral artery occlusion with profunda
femoris stenosis was followed by aortoiliac duplex
scanning. (2) When acceleration time and waveform
were normal, aortoiliac duplex scanning was per-
formed. When acceleration time or waveform or
both were abnormal, aortoiliac arteriography was
performed. (3) Any positive aortoiliac duplex scan-
ning was followed by arteriography. No arteriogram
was required after normal aortoiliac duplex study
results were obtained. 
Data analysis. Results of noninvasive studies
were compared with those of arteriography, and the
sensitivity, specificity, positive predictive value, nega-
tive predictive value (NPV), and accuracy were cal-
culated for femoral waveform, acceleration time, and
aortoiliac duplex mapping for patients whose limbs
were studied. Mean acceleration time was compared
for various degrees of stenosis by means of analysis
of variance. Procedure time, fluoroscopic time, and
contrast material administration were compared for
femoral arteriography and aortoiliac arteriography
with lower extremity runoff by means of Student t
test.
RESULTS
Among the 162 limbs studied, aortoiliac occlu-
sive disease (‡ 50% stenosis to occlusion) was present
at arteriography in 48 limbs (30%). No inflow dis-
ease was apparent at arteriography in 114 limbs
(70%). The results of noninvasive methods are com-
pared with those of aortoiliac arteriography in Table
I. The accuracy of the individual noninvasive modal-
ities ranged from 85% to 89% for identification of
aortoiliac occlusive disease (‡ 50% stenosis to occlu-
sion). The NPV for the three components of the
noninvasive evaluation ranged from 92% to 100%.
Noninvasive studies were slightly more accurate than
physical examination. 
The ability of femoral artery acceleration time to
help identify inflow lesions was assessed for different
runoff conditions (Table II). NPV ranged from 92%
to 96% whether the superficial femoral artery was
occluded, stenotic, or nondiseased. Acceleration
time was compared with degree of aortoiliac steno-
sis as determined at arteriography (Table III). Mean
femoral artery acceleration time (±SEM) was signif-
icantly different between disease categories and was
longer when inflow was more severely compromised
(p < 0.05).
Table I. Comparison of results using indirect and direct noninvasive tests versus arteriography for identifi-
cation of aortoiliac occlusive disease (‡ 50% stenosis to occlusion)
Noninvasive test n Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Physical examination* 162 82 76 64 88 79
Femoral waveform 147 79 86 69 92 85
Femoral acceleration time 147 83 91 77 94 89
Aortoiliac duplex scanning 85 100 76 78 100 87
*Positive finding at examination was presence of femoral bruit or diminished pulse.
Table II. Effect of superficial femoral artery patency on femoral artery acceleration time
Status of superficial femoral
artery at arteriography n Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Superficial femoral artery occluded 43 67 92 67 92 88
Superficial femoral artery stenosis (50%-99%) 45 83 86 56 96 85
Superficial femoral artery without stenosis (<50%) 59 87 100 100 94 95
PPV, Positive predictive value; NPV, negative predictive value.
Table III. Effect of severity of aortoiliac disease
on femoral artery acceleration time*
Femoral artery
Aortoiliac stenosis acceleration time 
at arteriography n (msec ± SEM)
No significant stenosis (<50%) 114 110 ± 2
50% to 79% Stenosis 26 152 ± 8
80% to 99% Stenosis 15 182 ± 12
Occlusion 7 225 ± 15
*Groups were significantly different from each other (p < 0.05)
according to analysis of variance.
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The results of aortoiliac duplex studies were ana-
lyzed for the effects of lesion severity and location
and status of infrainguinal runoff. Aortoiliac lesions
were categorized as to degree of stenosis present at
arteriography, and the findings were compared with
duplex findings (Table IV). The overall accuracy of
duplex studies was 85% for correct categorization of
aortic or iliac artery lesions as <50%, 50% to 79%,
80% to 99% stenosis, or occluded. Aortoiliac pres-
sures were measured during arteriography for 32
patients, and 20 of these also underwent aortoiliac
duplex studies. No gradients were identified among
the 10 patients with <50% stenosis on both duplex
scans and arteriograms. Eleven aortoiliac duplex
studies showed false-positive findings (arteriograph-
ic stenosis was <50% and duplex stenosis was ‡ 50%).
Six of these 11 patients had undergone pressure
measurements, and three had systolic gradients >10
mm Hg. Among four patients with 50% to 79%
stenosis on both duplex scans and arteriograms who
had pressure measured, three had gradients.
The accuracy of duplex studies in localization of
arteriographic lesions varied from one vessel to
another. Accuracy for the aorta was 100% (3 of 3),
common iliac artery was 56% (10 of 18), and exter-
nal iliac artery was 78% (14 of 18). The presence or
absence of infrainguinal occlusive disease did not
significantly affect the accuracy or NPV of aortoiliac
duplex scanning (Table V).
The algorithm for combining indirect and direct
noninvasive studies was applied. Acceleration time
and waveform were not assessed in 9% of the limbs
(15 of 162) because of abnormal common femoral
artery duplex findings. Twelve of the 15 limbs had
common femoral artery occlusion or stenosis (‡ 50%),
and three had proximal profunda femoral artery
stenosis coincidental with occlusion of the superficial
femoral artery. Femoral acceleration time and wave-
form were obtained for the remaining 147 limbs.
When acceleration time and waveform were normal,
84 of 86 patients (98%) had no inflow stenosis at arte-
riography. Among patients with normal findings at
duplex study, arteriography showed no inflow disease
in any patient (35 of 35). An abnormal acceleration
time or waveform or both were present in 61 patients.
Aortoiliac arteriography demonstrated significant
inflow disease in 40 (66%) of the 61 patients. Seventy-
eight percent of patients with abnormal duplex find-
ings had an inflow lesion (39 of 50). 
DISCUSSION
Our data were consistent with those in several
previous studies of aortoiliac duplex scanning that
demonstrated reasonable accuracy compared with
arteriography in the identification of stenosis
‡ 50%.2-6 More important clinically is that the sensi-
tivity and NPV of duplex scanning were high in this
study, indicating a very low likelihood of missing a
clinically significant aortoiliac lesion. The sensitivity
in this study was 100%, higher than previously pub-
lished values of 81% to 92%.2,3,6,9 There are several
possible reasons for this finding, as follows: (1)
Studies were performed by one technologist with
extensive experience with aortoiliac duplex mapping.
(2) Duplex studies were included in the study only if
the entire aortoiliac system could be visualized and
Table V. Results of aortoiliac duplex studies with either the presence or the absence of significant infrain-
guinal occlusive disease
Status of runoff n Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Significant infrainguinal
occlusive disease 51 100 79 71 100 86
No infrainguinal
occlusive disease 37 100 71 88 100 90
Table IV. Ability of duplex scanning to quantify aortoiliac stenosis
Percentage stenosis on aortoiliac arteriogram
Percentage stenosis with duplex scanning <50% 50% to 79% 80% to 99% Occluded
<50% 35 _ _ _
50% to 79% 10 17 2 _
80% to 99% 1 11 _
Occluded _ _ _ 9
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the results were satisfactory to serve as an operative
roadmap. (3) More sensitive duplex diagnostic crite-
ria were used in our laboratory (PSV ratio ‡ 2.0 or
PSV ‡ 150 cm/sec) than have been used in other
studies (PSV ratio >2.5 or PSV >200 cm/sec). More
sensitive duplex diagnostic criteria also were partial-
ly responsible for the lower specificity (76%) than
other published values (93% to 98%).2,3,6,9 Among
11 duplex studies with false-positive results, five had
a PSV in the range of 150 to 199 cm/sec and two
more had a PSV ratio between 2.0 and 2.49.
Most studies for comparison did not categorize
significant lesions (‡ 50% stenosis) into more narrow
disease categories.2,3,5-7 In one study, by Legemate
et al.,8 the authors were able to accurately classify
only about half of the significant lesions they found
at duplex studies into the categories of 50% to 74%
and 75% to 99% stenosis. In our study, 74% of the
significant lesions were accurately categorized as
50% to 79% or 80% to 99% stenosis or occluded
(Table IV). Lesion localization to the common and
external iliac arteries was only fair, because a stenot-
ic common iliac artery could be mistaken for an
external iliac artery. Most published data do not
allow comparison because the iliac arteries usually
were considered as a group.3,5,6,8 Moneta et al.2
reported excellent overall ability to visualize the
common and external iliac arteries (95% and 98%,
respectively) but did not evaluate the accuracy of
localizing a lesion to one or the other of these ves-
sels. One study considered the individual arteries of
the aortoiliac system and revealed a sensitivity of
only 79% for duplex identification of common iliac
artery lesions.4 These findings suggest that although
duplex scanning is excellent at sorting patients with
adequate inflow from those who have lesions, it may
not be adequate to completely replace arteriography.
Common femoral artery acceleration time has
demonstrated the best results among many indirect
noninvasive tests that have been studied, and it is
simple to calculate.10-16 Acceleration time demon-
strated reasonable accuracy (89%) and NPV (94%) in
this study and it was not significantly affected by
runoff status (Table II). These findings are consis-
tent with those in a study by Burnham et al.10 in
which acceleration time had an accuracy of 94% and
a NPV of 97%. The results were not significantly
affected by the patency status of the superficial
femoral artery. Analysis of femoral acceleration time
and waveform provided a simple screening test for
aortoiliac duplex scanning.
Aortoiliac arteriography with lower extremity
runoff provides a longitudinal, anatomic roadmap of
infrarenal occlusive disease and has been essential in
the management of lower extremity ischemia for
decades. Although arteriography is well integrated
into decision making regarding the management of
lower extremity ischemia, its inherent costs and
complications are of great clinical concern. The
complication rate for arteriography ranges from 4%
to 9%.19-22 The overall cost of lower extremity revas-
cularization is increased substantially with arteriog-
raphy and management of its complications.22,23
Recognition of these factors has prompted an
effort to replace arteriography with less invasive
techniques. The development of lower extremity
arterial duplex mapping has made this endeavor fea-
sible. Koelemay et al.7 performed a meta-analysis of
71 studies of lower extremity arterial duplex map-
ping published over 18 years and found a high
degree of accuracy compared with arteriography.
Nevertheless, the integration of noninvasive tech-
niques into clinical practice to replace arteriography
remains an unfulfilled goal. 
Several factors suggest that noninvasive tech-
niques cannot yet completely replace preoperative
arteriography. First, duplex mapping cannot be per-
formed on all patients and has not been adopted and
refined by all vascular laboratories. Second, indirect
noninvasive tests have generally been of limited use-
fulness. Third, precise lesion localization and quan-
tification may not be as good with duplex mapping as
with arteriography, especially for infrageniculate
arteries. Fourth, there is an incentive to proceed with
aortoiliac arteriography, because balloon angioplasty
is the treatment of choice for many inflow lesions,
and this requires periprocedural arteriography,
regardless of the results of noninvasive evaluation. 
Table VI. Procedure time, fluoroscopic time, and contrast administration for lower extremity arteriography
Arteriogram type n Procedure time (min)* Fluoroscopic time (min) Amount of contrast material (ml)*
Femoral 61 29 ± 11 4.0 ± 1.6 50 ± 20
Aortoiliac with runoff 92 56 ± 14 8.6 ± 6.9 147 ± 48
*Values for femoral arteriogram and aortoiliac arteriogram with lower extremity runoff were significantly different (p < 0.05) with
Student t test.
Rather than eliminating arteriography altogeth-
er, a reasonable alternative may be the use of nonin-
vasive studies to limit the extent of a preoperative
arteriogram. Limbs with isolated infrainguinal
occlusive disease, 70% of the limbs in this study, do
not require aortoiliac arteriography if the adequacy
of inflow can be substantiated with noninvasive
studies. Normal findings at aortoiliac duplex exami-
nation are reliable evidence that inflow is adequate.
The NPV was 100% in this study and was 98%
among patients with isolated infrainguinal disease in
the study by Moneta et al.2
Unnecessary aortoiliac arteriography appears to
add cost and risk to the evaluation of lower extremi-
ty ischemia. We reviewed 153 consecutive arterio-
graphic studies performed for lower extremity
ischemia at our institution to compare aortoiliac arte-
riography with lower extremity runoff versus infrain-
guinal arteriography alone. These data are summa-
rized in Table VI. The procedure time was signifi-
cantly longer for an aortoiliac arteriogram with
runoff than for a femoral arteriogram alone (56 ± 14
versus 29 ± 11 min). In addition, an aortoiliac arteri-
ogram with lower extremity runoff required signifi-
cantly more contrast material than a femoral arteri-
ogram (147 ± 48 versus 56 ± 14 ml). The volume of
injected contrast material plays an important role in
the serious renal and cardiac complications of arteri-
ography, especially among patients with renal insuffi-
ciency or coronary artery disease.19,23 Although the
number of cases reviewed was not adequate to make
a determination about any specific difference in com-
plication rates between procedure types, the more
extensive arteriographic survey required nearly twice
as much procedure time and almost three times as
much contrast material as the limited study. When
evaluation of the lower extremity alone is acceptable,
a femoral arteriogram is faster, less expensive, and
probably safer than a more extensive arteriographic
survey that includes the aorta and iliac arteries. 
Arteriography of the aortoiliac segment provides
anatomic rather than physiologic data and tends to
lead to underestimation of the severity of occlusive
disease.8,17,18,24,25 This results in false-positive
results of duplex examinations. The most accurate
way to assess the adequacy of aortoiliac inflow is
with pressure measurements.18,25,26 The results of
limb revascularization correlate with those of the
management of pressure gradients.17 Efforts have
been made to standardize the results of pressure
measurements so that the information can be trans-
lated to clinical usefulness.25 Unfortunately, pressure
measurements are cumbersome to obtain, methods
vary widely, there is variability in the readings
because of cycle-to-cycle fluctuations, and there is
no well-recognized standard for what constitutes a
significant result or how to correlate it with the
degree of stenosis. For these reasons, pressures are
most often used selectively.
It is unlikely that pressure measurements alone
can replace some type of preoperative aortoiliac
imaging. Decisions about the importance of an
inflow lesion must be made within the context of the
patient’s clinical problem. A pressure gradient may
change as a function of the status of the distal vas-
culature (for example, a recently placed distal
bypass), but the degree of stenosis does not change.
Moderate iliac stenosis without a pressure gradient
but proximal to a planned distal bypass may warrant
treatment and the surgeon needs knowledge of its
presence.
In this study, pressures were measured selective-
ly in 32 of 162 limbs. Among patients who under-
went pressure measurement, none with normal neg-
ative findings had a gradient, but half of those with
false-positive duplex findings were found to have a
gradient. Most studies of aortoiliac duplex scanning
have not included pressure measurement for com-
parison in addition to arteriography.2-7 In one study
that did compare aortoiliac duplex scanning with
arteriography and pressure measurements, duplex
scanning correlated as well with pressure measure-
ments as did arteriography.8 Both duplex scanning
and arteriography missed some moderate lesions,
none of which caused pressure gradients at rest.
Those authors used a PSV ratio of 2.5 to define
‡ 50% stenosis, which has a lower sensitivity than the
2.0 ratio used in our study.
The results of the algorithm suggest that a com-
bination of femoral waveform analysis and duplex
mapping can be used to determine which patients
may be treated without aortoiliac arteriography.
When the femoral waveform and acceleration time
were normal, arteriographic findings were normal for
98% or patients. When duplex studies showed no sig-
nificant lesion, arteriographic findings were normal
for 100% of patients. Use of the algorithm would
have eliminated 84 aortoiliac arteriograms with nor-
mal findings among 147 limbs (57%). When the indi-
rect test results were positive, there was an inflow
lesion in 66% of limbs and when duplex results were
abnormal, the aortoiliac arteriogram demonstrated a
significant lesion in 78% of limbs. This selective
approach would substantially decrease the number of
aortoiliac arteriograms with normal findings among
patients with lower extremity ischemia.
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Dr. D. Preston Flanigan (Orange, Calif.). Dr.
Schneider and colleagues are to be congratulated for
attempting to show us how to move further away from
invasive anatomic testing by demonstrating that, in some
patients, aortoiliac arteriography can be avoided through
the application of simple noninvasive techniques. They
have shown an accuracy rate of 85% to 89% for the three
noninvasive tests used in this study, namely femoral wave-
form analysis, measurement of femoral acceleration time,
and aortoiliac duplex scanning in the determination of
aortoiliac stenosis of 50% or greater diameter reduction. I
have no criticism for this part of the study because I
believe the study design and statistical methods are appro-
priate and the results reliable. However, because preoper-
ative pressure measurements were not obtained in most of
these patients and no postoperative hemodynamic mea-
surements were reported, the clinical reliability of the non-
invasive criteria used in this study is unclear.
DISCUSSION
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Dr. Schneider and colleagues devised an algorithm for
the practical clinical application of the noninvasive test
results to determine which patients safely could have
avoided aortoiliac arteriography. As expected, the algo-
rithm worked well on the patients from whom it was
derived. Have you performed any prospective investiga-
tions to see if the algorithm works in a new patient cohort?
Such a validation would be required to assess its true util-
ity. Did you perform receiver operator characteristics
analyses to determine if the criteria you used for the non-
invasive tests were optimized in the determination of a
50% stenosis?
The significance of these results is on the basis of the
premise that 50% or greater stenoses require treatment and
that stenoses less than 50% do not. This premise may or
may not be true depending on the clinical situation. An
aortoiliac lesion of less than 50% in an active claudicant may
be significant. However, an inactive patient being treated
primarily for infrainguinal disease causing ischemic ulcera-
tion or gangrene may not require correction of a greater
than 50% aortoiliac lesion. The hemodynamic significance
of aortoiliac lesions is most important to determine so that
the treatment may be decided intelligently in light of the
clinical situation of the patient. Such a determination
requires a functional rather than an anatomic assessment.
Arteriography depicts anatomy, not function, and is, there-
fore, not the gold standard. We probably should stop eval-
uating noninvasive techniques, which primarily measure
function, to see how good their ability to predict the
anatomic results of arteriography is. This seems particular-
ly odd because we perform arteriography primarily to assess
function through the depiction of anatomy. Should we be
comparing noninvasive techniques with a functional rather
than an anatomic gold standard? Previously reported stud-
ies from the University of Illinois clearly have shown a poor
correlation between pressure measurements and angio-
graphically determined percent stenoses. It is unfortunate
that all of the patients in this study did not have pressure
measurements obtained. Although pressure measurements
clearly are not required in many patients for clinical deci-
sion-making, they are the true gold standard for evaluating
noninvasive techniques applied to the aortoiliac segment. I
hope that you will be able to continue your study and
include preoperative pressure measurements and postoper-
ative hemodynamic measurements in all of your patients.
The purpose of this study was to evaluate a method for
the elimination of aortoiliac arteriography. Two state-
ments in the manuscript’s discussion seem to define the
practical application. “Rather than eliminating arteriogra-
phy altogether, a reasonable alternative may be the use of
noninvasive studies to limit the extent of a preoperative
arteriogram. Limbs with isolated infrainguinal occlusive
disease, 70% of the limbs in this study, do not require aor-
toiliac arteriography if the adequacy of inflow can be sub-
stantiated with noninvasive studies.” Patients with infrain-
guinal disease, however, still require femoral arteriogra-
phy. Thus, the benefit of this approach is only the
elimination of part of an angiogram that must be per-
formed anyway to assess outflow disease. With modern
techniques, digital aortoiliac arteriography is of minimal to
no risk when done as part of a lower-extremity arteri-
ogram and requires no more than 30 to 60 ml of addi-
tional contrast agent to obtain an excellent study. Most
patients can tolerate modern aortoiliac arteriography with-
out complications. One then must ask whether obtaining
noninvasive tests for the purpose of avoiding aortoiliac
arteriography is worthwhile if femoropopliteal arteriogra-
phy is required anyway. Dr. Schneider and colleagues are
to be congratulated for attempting to move us toward the
ultimate goal of eliminating the need for preoperative
lower-extremity arteriography. Unfortunately, we are,not
yet there. Until we reach that goal, I personally will con-
tinue to use aortoiliac arteriography in most patients, if an
arteriogram is otherwise necessary, and will use the selec-
tive application of pressure measurements when aortoiliac
arteriography is clearly contraindicated or shows lesions of
uncertain hemodynamic significance.
I enjoyed this paper and applaud Dr. Schneider and
colleagues for their efforts in an important area of study.
Dr. Peter A. Schneider. I think that we have enough
information to say that a prospective evaluation would be
worthwhile. In the design of the prospective evaluation,
we probably will measure aortoiliac pressures. As we all
know, Dr. Flanigan vigorously pointed out many years ago
the inaccuracy of arteriography. The comparison of a func-
tional study, such as duplex scan, with an anatomic study,
such as arteriography, is not ideal. However, we use arte-
riography everyday.
We did not include pressures in this study for several
reasons. One was that it has been done. Another is that it
is cumbersome. There is no standardization for how the
proximal pressure should be measured. To set the most
accurate reading, the lesion has to be crossed multiples
times. There is no standardization for how much
Papaverine to give, how much the pressure has to decrease
to be significant, of how it correlates with the degree of
stenosis. It is not so much that it is not a good thing to
do; it is difficult to know what you have after you do it.
The issue of whether the elimination of part of an arte-
riogram is worthwhile is important. Why have all this
trouble just to avoid an extensive arteriogram? The answer
is simple. If you look at the big picture and start to think
about how much arteriography is actually needed, it
makes more sense. Much of the arteriography performed
is done simply to make sure that it is negative.
Dr. Jerry Goldstone (San Francisco, Calif). That was
an interesting study. I have one question about the
angiograms: did you perform oblique studies of the iliac
arteries? It is well known that if you get just one view, you
may miss or underestimate occlusive lesions.
Dr. Schneider. Yes, we did use oblique views.
Dr. Christopher Zarins (Palo Alto, Calif.). I congrat-
ulate you on bringing forth an important concept. That is,
do we need preoperative arteriography? However, my
question asks whether the alternative is really duplex ultra-
sound in noninvasive vascular laboratory.
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Now, with magnetic resonance angiography available
and with gadolinium infusion and ultra-fast sequences
with a 32nd data-acquisition time, we can have images
that approach those of angiography, which is indeed non-
invasive and does not have all the complications associated
with contrast and arterial puncture.
So, are we really looking at the proper alternative to
limit unnecessary preoperative arteriography?
Dr. Schneider. Magnetic resonance angiography has
been studied often. It is technology driven to the point
where it is well developed in some institutions and not
well developed in others. The ability to convert the vascu-
lar laboratory to perform aortoiliac and other types of
duplex mapping is probably simpler than convincing the
radiology department to become fantastically interested in
magnetic resonance angiography if they are not already.
Dr. William Fry (Colorado Springs, Colo.). I have a
technical question. It is often difficult to image the iliac
arteries in the more adipose-endowed patients. I was won-
dering how you got around that. Do you use the full blad-
der and scan from the midline, or do you use endocavitary
probes, such as transvaginal or endorectal probes, to help
when you cannot see the iliacs through transcutaneous
approaches.
Dr. Schneider. There were a number of patients in
whom we were unable to perform aortoiliac duplex map-
ping to my satisfaction. The criteria used were fairly strin-
gent. The design of the study was such that if you could
not make an operative plan on the basis of the resulting
aortoiliac duplex map, then we would not accept it as ade-
quate. We were able to perform an adequate aortoiliac
duplex map on only about 80% of our patients.
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